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Abstract 
In today’s product lifecycle, the ability to control a product is limited once it has left the factory. Shifting from a static product to a dynamic 
product, which is adaptable to new development while it is in operation, supports extended sustainability. In a dynamic environment, products 
can be managed whilst on the market and be adapted to incorporate product developments. This paper will present an approach to evolve
products during the entire lifecycle by using pre-planned milestones. Continuous implementation of changes to a product in the market will 
enable a paradigm shift in the use of mass-produced products. 
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1. Introduction 
1.1. Challenge statement 
The discrete manufacturing industry is changing massively, 
forced by limited resources and the way people think about 
nature and the world they live in [1]. An example can be seen 
in the car industry - establishing car-sharing concepts, 
especially in big cities or the shift from traditional exhausting 
engines to climate-friendly electronic engines or even other 
alternative energy sources are already taking place. More 
capabilities are still under development, thinking about a self-
driving car and the usage shift from a status-symbol to pay as 
you go. To be a successful car manufacturer in the future these 
aspects need to be considered [2]. This shift is seen as a general 
trend across many discrete manufacturing industries and with 
it come new technological requirements and challenges [3]. 
1.2. Problem statement 
What is it that makes a product successful? An unknown 
number of factors define if a product will be bought or ignored. 
To name a few of them; price, reliability and attractiveness are 
probably the more influential ones. Thinking about the shift in 
different industries from a traditional usage model (to buy) to a 
new usage model (subscription), factors such as attractiveness 
and state-of-the-art technology become even more important. 
The consumer can, with only little effort, unsubscribe from the 
product and decide on a new one.  
These changes demand for the improved ability of the 
product to evolve along the entire lifecycle with respect to 
product features, sustainability and on-going product 
development. Recently introduced concepts, such as smart 
connected products and handling of big data, make it possible 
for products to interact with other sources in all phases [4]. This 
article presents a new product development approach to apply 
such techniques and shift to a new lifecycle concept which will 
better support the needed product abilities.  
2. The new product development approach 
2.1. Extending product development toward the end-of-life 
Thinking about traditional design, the product follows a 
sequence of lifecycle steps. Recent approaches aim to extend 
the disciplines within the development and manufacturing 
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phases as part of a V-model [5]. Other approaches focus on 
closing the loop after retirement to the on-going development 
based on predicted scenarios [6]. Products are recycled after the 
end of the intended usage phase and design can start again with 
the recycled good. These approaches are still based on 
sequences and lack the capability to regularly adapt to an 
advancing environment. When setting the overall target to 
increase the products sustainability, key contributors like 
constant product change or continuous design improvement 
need to be considered. To address this, improved sustainability 
approaches have been developed to integrate knowledge assets 
into the product development [7]. The general consideration of 
using field data in the design phase has been addressed in the 
past [8, 9]. However, simultaneously completing the different 
phases of the traditional product lifecycle enables a new 
lifecycle concept. 
What is achieved by introducing a continuous parallel 
development over the entire lifecycle? 
x Regular and continuous product improvement 
x Allowing the product to adapt  
x Synchronization of product development and operation 
through discrete milestones 
Discrete milestones can be seen as connection points to 
maintain the product and enhance it with the latest state-of-the-
art technology. A car, which is a very common example for a 
series production good, is out of the producer’s hand once it has 
been released by the factory. Only in very special cases is it 
taken back to the producer to receive a “design update”. 
A similar lifecycle concept is already known from software 
products. The software product is updated on a regular basis 
after delivery to adopt new developments and take new features 
into account. The general availability of the internet enabled 
this approach and over the last decades the development of 
software products has changed accordingly. As the usage of the 
internet extends to the inclusion of things, called Internet of 
Things, the basis for leveraging the characteristics of software 
products is also enabled for mechanical products [4]. 
Pre-defining regular update points before release from 
manufacturing even allows products in the market to benefit 
from ongoing design. In contrast to current approaches product 
and product development are coupled at pre-defined 
synchronization points. 
Taking into account that most products are built up of a lot 
modules, which could be updated in a regular manner, can 
extend the products lifetime and therefore increase the products 
sustainability. 
In addition to the discussed advantages the product may be 
given a “second life”. Imagine that the products environment 
changed, the products life would be shortened based on the 
environmental conditions. Using the information a product is 
collecting during time in operation, a synchronization 
milestone could lead to an update to the product for the new 
environment and in this way extend its lifetime. For the 
example of a car, it could be bought and initially used in a warm 
region and later moved to a very cold region. The engine was 
developed for a humid climate. Having a synchronization 
milestone to revise the engine, the usage data can be used to 
revise the engine and give it a special treatment for the cold 
weather conditions. Another example can be seen in the update 
to latest developments, enabling the communication with 
traffic lights. This new technology is expected to become 
available soon and would allow the immediate adoption of this 
capability to cars already in operation. 
2.2. Pre plan entire lifecycle milestones from “design to end 
of life” 
To bring the ideas mentioned in the last section together, a 
new view to the lifecycle concept is needed. Starting from the 
traditional approach, there is still a conceptual and definition 
phase, followed by a development phase. All three of these 
phases are part of the general product development process. 
While the first two phases of concept and definition apply to 
new product developments, the results of the development 
phase can also be applied to already released products, see 
Fig. 1. 
Considering usual change processes like CMII [10] even the 
production phase can be covered in case of urgent changes. 
Once the product is in the in-service phase today, there is 
usually no control of product changes or product parameters. 
These statements are the result of today's traditional product 
usage model. With the shift toward new operating models, such 
as the subscription model, the demand for controlling the 
overall lifecycle arises.  
It is in the very own interest of the subscription company to 
extend the usage phase of a product and make it more 
sustainable. Defining regular maintenance milestones is one 
supporting differentiator. Combining pre-planned service 
milestones with the adoption of the newest and most recent 
developments and considering the data the product gathered 
while in use, is the key for enabling continuous product 
evolvement. Providers not only ensure that the product is 
maintained to keep it in operation they can carefully plan which 
upgrades are applied at each milestone and so can renew the 
product and make it attractive again. 
Taking the example of a car, the assumption here is that the 
physical product still belongs to the manufacturer and is not 
sold to the consumer, in fact the car is part of a subscription 
model and the consumer pays a fee to use it. He also has the 
right to cancel the contract and decide for another subscription 
car. The manufacturer in this example needs to keep the car 
attractive enough to lease it. In the aforementioned case, the 
producer can use one of the predefined milestones to upgrade 
the sound system, seats and maybe even engine to state-of-the-
Fig. 1. Entirely scheduled lifecycle 
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art equipment. This makes the car attractive to the consumer 
again.
2.3. Combine milestones with specific components 
Having the milestones planned is a very good start to 
applying the new lifecycle concept. It is then very clear from 
the beginning when a car will be taken back into the workshop. 
This planning can improve productivity and make the workload 
for each workshop more predictable. The advantage is that the 
whole service lifecycle is transforming from an event driven 
occurrence, into a predictable process which has a significant 
influence on the overall attractiveness and sustainability of a 
product. 
To push recent developments into an in-service good, the 
pure milestone planning is not sufficient.  Carefully planning 
of which components might be affected for each milestone is 
necessary. This way a component gets a due date for a 
milestone, for which the design engineer has to decide whether 
he wants to provide the most recent released development or to 
stick with the old one and just renew the part/module. This 
leads to a quality gate, where changes are released to individual 
products. The decision whether the latest part is taken or not 
could be similar to the system most companies already have for 
their production lines. A workshop dependent effectivity 
controls which part versions are already available in which 
shops. 
The possibilities for one milestone are not necessarily 
limited here to the upfront planned components. In special 
cases the design engineer could even push components to a 
good, which were not preplanned. Through the regular 
workshop milestones, the designer can ensure that the 
component is replaced in all instances in a foreseeable 
timeframe. An example when to use this kind of push could be 
a groundbreaking achievement in the development of a 
component, which will massively improve the use of the good. 
2.4. Shift preplanned milestones based on environment  
A characteristic of products in the in-service phase is that 
they are used and due to this usage effects appear. Attrition is 
clearly one of the effects, but it is also the most foreseeable one. 
Others are simply failures of technical parts and materials or 
even misusage. The described concept of preplanning 
milestones and even preplanning specific components for the 
milestones is completely ignoring the fact that more or less 
unforeseeable things happen. 
The concept of preplanned milestones better supports the 
sustainability of the product, but the planned milestones are not 
to be seen as fixed. Milestone dates can be influenced by the 
data coming from the good, or in other words by the needs a 
good has. For example, in modern cars we already see the first 
attempts to provide the customer with predictable service dates. 
These dates are partly based on an average lifetime for specific 
components and partly sensor based. It is clear that the amount 
of data a good is collecting will improve the accuracy of a 
prediction. In the case that a good notices that a specific 
component needs servicing earlier than expected, this 
component can be planned for the very next milestone or the 
closest milestone can even be shifted. This would give the 
owner the option to not only replace the component, but also 
be provided with a more recent, maybe even more durable 
replacement. 
The thoughts here should not be limited to attrition data. 
Environment data influence the service milestones. As already 
stated in the introduction of the chapter, a change of 
components fitted to the environment a good lives in, can 
significantly extend the operation time of a good.  
2.5. Innovation summary 
In the past the product life cycle was separated between the 
development phase and the period of operation. The operation 
of the product was based on assumptions made during its early 
development and changes in these assumptions resulted in the 
risk of failure, for example a lack of consumer attractiveness. 
The product was static once it had left the shop floor. Only 
exceptional cases, such as expensive recall activities, enabled 
the product to be updated. The sequential treatment of 
development and operation of a product resulted in a 
significantly higher risk that the product would fail, if the 
previously made assumptions about its usage deviated. 
Particularly for development intensive mass produced 
products, like cars, the technology is already outdated when the 
product leaves the shop floor. 
This new approach synchronizes development and 
operation. Assumptions which are made during the 
development, are constantly updated and resulting 
developments are considered for the individual instance of the 
product while it is in operation. The evolving technology is also 
incorporated into the product updates during its operational 
phase. The character of the product changes from a static entity 
into a constantly evolving entity. It is optimized with respect to 
its individual usage profile and also takes into account recent 
technologies. Risk of failure is significantly reduced and the 
product increases its sustainability. The product paradigm 
changes from something which is sequentially developed, 
manufactured and used into a concept of concurrent and 
integrated development, manufacturing and usage.  
3. Change for the product 
To see that the approach of prescheduling lifecycle 
milestones works, it is worth taking a look at the airline 
industry. With regular inspections and planned renewal cycles 
for modules, such as engines, tires and control units, it is 
possible to keep an airplane in operation for up to 40 years after 
production.  
Transferring this concept to mass produced products will 
leverage the advantages, such as extended life, adaption to new 
conditions and the re-attraction. 
The new approach results in the combination of the phases 
of product development and product usage across all product 
types. The product is getting a dynamic character, which is 
changing over the product lifecycle. It is no longer considered 
as an isolated entity, which is configured on predicted 
scenarios. Subsequently the entire context of a product, 
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ongoing development and environmental conditions have to be 
considered, see Fig. 2. 
3.1. Influencing factors of the product 
The continuous evolvement of the product comes from the 
following categories: 
x Consideration of on-going product developments 
As the product is in use it needs to take into account 
new developments. As a result the product development 
needs to extend the view toward updating delivered 
products with product changes. Rather than the traditional 
approach of sequential lifecycle states, usually evolving 
from design view to manufacturing view to in-service view 
all of them have to be considered in parallel. New 
developments are to be validated and released against 
delivered products. From the product centric view new 
updates are to be considered on the basis of predefined 
milestones. 
x Individual product usage changes the product 
Environmental conditions and individual user profiles 
result in deviation from originally assumed product 
requirements. The impact can be seen in the need for 
changing the product configuration. Based on data 
collected whilst the product is operational, synchronization 
with development data is needed and the adjustments of 
product configurations are determined. These are then 
applied within the next maintenance milestone.  
This category also takes into account changing usage 
scenarios, which result in up- or downsizing of the product.  
3.2. Impact on the supporting environment 
The ongoing synchronization between product, product 
development and environmental system requires a consistent 
consideration of data from all these components. While in the 
past the product has been designed under consideration of 
predicted scenarios, it now has to be evolved using existing 
scenarios. Resulting modifications have to be applied to the 
product. Therefore the supporting environment has to provide 
capabilities for collecting information and route this 
information to product development, environment and product. 
At the same time the environment, such as the workshop, needs 
the information about applied changes to the product. 
3.3. Enabling technologies for continuous product evolvement 
The synchronization of product and its ongoing 
development and individual usage was limited due to the ability 
to handle the amount of data, but also to synchronize data 
between product and development on an individual basis. 
Recent developments for big data and the consideration of 
smart connected products break this barrier. At present 
infrastructures are being established, which enable these 
capabilities [1]. Storing information of all the views, meaning 
design view, manufacturing view and the individual in-service 
view to a product is the essential minimum and a known 
challenge [11]. In addition, management of all different aspects 
of product data in a consistent model is needed [12]. The 
support of bringing the individual product and the designed 
product together and allowing one side or the other side to 
adapt due to collected data requires a smart data handling. 
Considering the 1:n relationship of the virtual product to the 
individual product, a predictable preprocessing and preparation 
of data is crucial. 
3.4. Evolution of the In-Service phase  
A current challenge of product management is the ability to 
produce similar goods in different locations. With the evolution 
of entirely scheduled lifecycles, it is expected that this 
challenge will extend into the services market. Fulfilling area 
specific needs, such as optimizing parts for specific 
environments, will also become a consideration for in-service 
goods. The upfront defined usage scenario of a good can be 
swapped with only a little effort depending on intended future 
use, current use, or a general improvement to the overall 
product. Today, the effort to prepare in use goods for future use 
in a changed environment or even change the intended use, is 
high in terms of preparation and transformation. Furthermore, 
it is expected that the way goods are going to be used will 
increase sustainability and will allow easy adaption to meet 
additional requirements.  
Using the in-service phase to adapt products will reduce 
long term product risks in terms of misjudging market trends 
and product warranty claims. The evolution of the in-service 
phase of entirely scheduled lifecycles will also enable: reduced 
time to market, quicker implementation of safety features, 
flexible adoption of government regulation/compliance and 
fulfilling changing regional market demands. 
4. Summary 
The introduced concept of entirely scheduled lifecycles 
results in enabling the product to evolve along the entire 
lifecycle, from development until retirement. The product is 
enabled to adapt to changing environmental conditions, to new 
developments, but also take into account changing operational 
conditions. This is expected to have a positive impact with 
respect to the sustainability and overall lifetime of a product. 
Better support is also expected for recent trends of product 
owning concepts, such as the subscription model. 
Although the approach has been partially applied in the past 
for selected product types, it was limited by missing underlying 
technologies. With the upcoming achievements from managing 
big data and the Internet of Things, the usage of entirely 
scheduled lifecycles also becomes applicable for mass 
produced goods. 
Fig.2. Influences to the product 
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To enable the approach of entirely scheduled lifecycles, a 
close exchange between information coming from product, 
product usage and product development has to be supported. 
Further impact is expected for the release cycles of products in 
product engineering. Engineering and service processes are to 
be more connected. 
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